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1.
Introduction
During the past few years the attention of many 
investigators has been directed to the determination of 
the absolute hemoglobin content and volume of human red 
blood cells. This interest has been stimulated by the 
application of the procedure to the diagnosis and prog- 
nosis of anemias, and to observations of the blood 
response to therapeutic measures.
It is possible from a knowledge of the red blood
cell count, hemoglobin content and total volume of the
cells of a given sample of blood to calculate the average
volume of the individual corpuscles, as well as their
hemoglobin content and concentration. Wintrobe has 
suggested that these figures should be used, not to re- 
place the color, saturation and volume indexes but rather 
to afford a clearer conception of their meaning In terms 
of absolute values. The Indices are based on presupposed 
normal values which have been shown to differ markedly in 
various parts of the world under the influence of such 
factors as age, heredity, race and sex of the subject, 
season of the year and geographic environment. Therefore 
the present state of uncertainty concerning the true normal 
values gives added importance to determinations which are 
based on absolute measurements.
Most of the previous reports have been made on large 
groups of adults of both sexes, some work has been done 
with infants, but our knowledge of blood corpuscular 
hemoglobin distribution in the growing child is very 
limited. The study presented in this report was under- 
taken in order to supply some figures toward correction 
of this deficiency, and by inclusion of adult values 
obtained by identical methods, to discover whether any 
difference exists in the corpuscular constants of adults 
and children living under the same conditions of altitude 
and climate.
TERMINOLOGY
The determination of the hemoglobin content of the 
red blood cells for clinical purposes is usually made on 
a sample obtained from skin puncture of an ear lobe, the 
finger tip, or in infants the plantar surface of the 
heel. This is designated as a peripheral blood sample. 
Larger amounts of blood which are required for research 
analysis are secured from a median arm vein, or where the 
subject is an infant, from the external jugular vein or 
longitudinal sinus.
The hemoglobin of the blood is best reported in 
grams per 100 cubic centimeters of blood, although it is
2.
often expressed as per cent of a value which has been 
taken arbitrarily as the normal.
The red blood cells are recorded in millions per 
cubic millimeter. The volume of packed red blood cells 
is determined by centrifuging a quantity of blood, to 
which a suitable anticoagulant has been added, until no 
further packing occurs. The reading on the hematocrit 
tube is stated in cubic centimeters per 100 cubic centi- 
meters of blood.
The size of the red blood cell3 is often stated in 
terras of their average diameters. There is no experi- 
mental proof that the diameter of the cell is directly 
proportional to its volume.
The mean corpuscular volume in cubic microns or 
cubic centimeters x 10 represents the volume of the 
individual cell, and is obtained by dividing the volume 
of packed red blood cells in cubic centimeters per 1000 
cubic centimeters of blood by the red blood cells in 
millions per cubic millimeter.
The mean corpuscular hemoglobin is the average
amount by weight of hemoglobin in the single red blood
-12oell expressed in micromicrograms or grams x 10     . It 
is obtained by dividing the amount of hemoglobin ex- 
pressed in grams per 1000 cubic centimeters by the number 
of red blood cells expressed in millions per cubic milli-
3.
meter.
The mean corpuscular hemoglobin concentration in per 
cent or average concentration or saturation of the cells 
with hemoglobin is obtained by dividing the amount of 
hemoglobin in grams per 100 cubic centimeters of blood 
by the volume of packed red blood cells in cubic centi- 
meters per 100 cubic centimeters of blood, and multiply- 
ing by 100.
The mean corpuscular volume, mean corpuscular hemo- 
globin, and mean corpuscular hemoglobin concentration 
are referred to collectively as the corpuscular constants.
The color index is obtained by dividing the per cent 
of hemoglobin by the per cent of red blood cells, and 
expresses the ratio of hemoglobin per unit number of cells 
in the blood of the person examined to the amount in the 
blood of normal persons of the same sex and age.
The volume index is the per cent of cell volume 
divided by the per cent of red blood cells, and is the 
ratio of the mean size of the cells in the blood examined, 
to the mean size of cells in the average blood of normal 
individuals of the same sex and age.
Saturation index is the per cent of hemoglobin di- 
vided by the per cent of volume, and expresses the ratio 
between hemoglobin per unit volume of cells in the blood 
examined, and the average hemoglobin per unit volume of
4.
cells In the blood of healthy persona of the same age and 
sex.
Therefore color Index is a ratio expression compar- 
able to the absolute value, mean corpuscular hemoglobin. 
Likewise the volume index is comparable to mean corpuscu- 
lar volume, and saturation index to the mean corpuscular 
hemoglobin concentration.
LITERATURE
Most of our knowledge of the size and of the hemo- 
globin content of the human red blood cell has come from 
the published reports which have appeared in the past few 
years on normal adults. Earlier work was done on small 
numbers of individuals by methods which were of doubtful 
accuracy.
(2 )
Haden in 1922 at Kansas City, Kansas was probably
the first to use accurate methods for the simultaneous
study of hemoglobin, red blood cell count, and cell volume
on venous blood of a fairly large group of normal people.
He figured hemoglobin from the oxygen capacity, and
determined cell volumes on 10 c.c. samples of blood, to
which 1.3 per cent sodium oxalate was added as an antl-
( 3 )coagulant. He has recently increased the original 
series of 40 men and 12 women to 100 men and women report-
5.
ed as a single group. Hemoglobin averaged 14.76 grams, 
red blood cell3 averaged 4.78 million and cell volume 
averaged 43.7 c.c. Me gives the hemoglobin content of 
the individual corpuscle as 30.8 microtaicrograma, the 
volume as 92 cubic microns, and the hemoglobin concentra­
tion as 33.7 per cent.
(4-5)
In 1926 and 1927 Osgood and Haskins, at
Portland, Oregon, published their results of a study of
the venous blood from 137 normal men and 100 normal women.
They have since Increased the series to 196 men and 106 
( 6)
women. Hemoglobin was determined by colorimetric
comparison of acid hematin with their inorganic standard, 
which was checked by Van Slyke’s volumetric method for 
oxygen capacity of blood. Cell volume determinations were 
run in 4 c.c. calibrated tubes with powdered potassium 
oxalate as an anticoagulant. The hemoglobin of the men 
averaged 15.8 grams, the red blood cells averaged 5,4 
million, and the hematocrit reading was 46.35 c.c. The 
individual cells of the men of the series therefore con­
tained 29.2 microraicrograms of hemoglobin, the volume 
was 85.8 cubic microns, and the hemoglobin concentration 
was 34.08 per cent. The averages for the women were
13.7 grams of hemoglobin, 4.8 million red blood cells, 
and the volume of the packed corpuscles 42.43 c.c. From 
these data the Individual red blood cell of the women
6#
contained 20.8 raicromicrograms of hemoglobin, its volume 
was 88.3 cubic microns, and the concentration of the hemo­
globin was 32.3 per cent.
(7-8)
Wintrobe in 1929 and 1930 at Hew Orleans,
Louisiana reported his findings on the venotis blood of
100 normal men and 50 normal women. He used the Newcomer
hemoglobinometer which had been checked by the Van Slyke
volumetric method for oxygen capacity of the blood. The
cell volumes on men were determined on 4 c.c. samples,
with powdered potassium oxalate as an anticoagulant. A
specially devised tube holding about 0.7 c.c. was used
for the blood specimens of the women. The men averaged
5.85 million red blood cells, 15.07 grams of hemoglobin
( 9 )(later corrected to 17.0 grams) and 46.5 c.c. of
packed corpuscles. The average corpuscle of the men con­
tained, therefore, 27*3 m1cromlcrograms of hemoglobin, 
its volume was 79.8 miblc microns, and the hemoglobin 
concentration was 34.1 per cent. The women averaged 
13.76 grams of hemoglobin, 4.93 million red blood cells 
and 39.5 o.c. of packed cells. The average corpuscles of 
the women in this series contained 28.0 raicromicrograms 
of hemoglobin, the volume was 80.1 cubic microns and the 
hemoglobin concentration was 35.2 per cent.
do)In 1931 Foster and Johnson also at New Orleans,
determined hemoglobin on the venous blood of 115 men by
7.
the Van Slyke manometric method for oxygen capacity of 
blood. The study included red blood eell counts, and the 
measure of the voliuae of the packed corpuscles in Van 
Allen tubes. Hemoglobin averaged 15,63 grams, red blood 
cells, 5.26 million, and cell volumes, 45,18 c.c. These 
figures give values for the corpuscular constants of
30,0 micromicrograms of hemoglobin, volume of 85,92 
cubic microns, and hemoglobin concentration of 34,77 per 
cent.
Wintrobe refers to the observations of Oram and 
Horgaard, and Bie and MtJllar in Denmark on very small 
groups of men and women. There are also numerous reports 
in the literature on hemoglobin and red blood cell aver­
ages which do not include measurements of the cell volume, 
and therefore have no significant place in this study.
Geographic and climatic conditions may be in part 
responsible for the different values for corpuscular 
hemoglobin and volume reported from the three locali­
ties, Oregon, Kansas and Louisiana, The effect of alti-
(11)tude on the corpuscles is a mattor of dispute. Smith 
and his co-workers made red blood cell counts, hemoglobin 
and cell volume determinations at low and high altitudes. 
After a few days residence at an altitude of 11,000 feet 
these workers found that a decrease of 4 eubic microns 
took place in the volume of the single cell. On the
contrary, Hurtado, who studied the bloods of 132
Indiana of the Peruvian Andes living at an altitude of 
14,890 feet, found that hemoglobin by the Sahli and New­
comer methods averaged 15.93 grams, red blood cell counts 
averaged 0.66 million and hematocrit readings averaged
71.1 c.c. He states that the mean corpuscular hemoglobin 
under conditions of low barometric presatire i3 decreased 
to 24.4 mioromlorogram3, corpuscular volume is increased 
to 93.2 cubic microns, and the hemoglobin concentration 
is lowered to 24.9 per cent.
Differences in the corpuscular constants of men and
(ft)women were noted only by Osgood who reports that the
red blood cells of women have a greater volume than those
(13)
of men. Ohno and Gisevlus found by direct measure­
ments of cell diameter that the red blood cells of women
averaged 7.91 microns and those of men, 7.77 microns.
(14)
However, Price-Jones found no difference in the sexes,
and reports an average of 7.2 microns diameter. Wiechman
( 16)
and Schurmeyer report a niean cell diameter of 7.9
microns for both men and women.
Physiological fluctuations appearing in the blood of
a person from time to time have been variously recorded. 
(16)
Rabinovitch claims that hemoglobin may vary as much
as 30 per cent in a single day, and that the volume of the
(17)cells is likewise altered. Christianna Smith and Prest
however, were unable to demonstrate fluctuations beyond
the lirait of experimental error, during the day. Shey
agree that there nay be considerable alteration in values
(14)
from day to day, or from month to month. Price-Jones 
has found that the diameters of the corpuscles show di­
urnal variations as well as alterations in measurements 
due to severe exercise, or other factors which may pro­
duce changes in the ,reaction of the blood.
Since very few of the blood studies on inffints and 
children have included simultaneous estimations of hemo­
globin, red blood cells and cell volumes, the knowledge
of the corpuscular constants for the growing individual
(18)
is very limited. Haden find Neff in 1924 used sinus
blood of eleven infants ranging in age from newborn to 
24 days for red blood cell counts, cell volume determin­
ations and hemoglobin by Van Slyke* s volumetric method of 
oxygen capacity of blood. They reported an average red 
blood cell count of 3.96 million, a cell mass 112 per 
cent of the adult normal, and an average hemoglobin of 
17.37 grams. From these figures they arrived at a mean
s'
corpuscular hemoglobin in young infants of 45.8 micromicro- 
grams, a corpuscular volume of 137 cubic microns, and a 
mean corpuscular hemoglobin concentration of 32.0 per 
cent.
(19)
Borner of Germany in 1928 carried on similar work
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with the peripheral blood of 30 infants from 25 minutes 
to 15 days of age. However he calculated surface area of 
the corpuscles from measurement of their diameters. He 
reported that although the individual red blood cells of 
the young Infants contain more hemoglobin than those of 
adults, the proportionate increase in size maintains the 
hemoglobin In practically the saise concentration as in 
adult blood.
A series of premature and full term infants was
( 20)
followed by Van Creveld In 1952 from birth to the
age of 21 weeks. He found by use of Price-Jones curves
that in both groups at birth the cells of the peripheral
blood showed a greater mean diameter than those of adults.
In full terra Infants during the sixth week of life the
Price-Jones curve and mean diameter of the cells became
almost the same as that of the older children and adults.
The premature Infants showed a slower change to the adult
( 2 1 )
picture in this study. Saragen observed a gradual
decrease in diameter up to the age of two years. After 
that time there wu3 a slow increase in cell diameter 
until that of adult life was reached,
( 22 )
Calculations from data given by Mitchell on
the peripheral blood of 69 infanta show an average cor­
puscular volume of 109 cubic microns on the first day of 
life, 116 cubic microns on the third day, 110 cubic
11.
microns on the seventh day, and 104 cubic microns by the 
tenth day.
The rapid fall in the hemoglobin values of the blood
of infants beginning soon after birth was reported as
(23) (24)
early as 1878 by Lelchtenstem. Williamson1 s
study in 1916 of the humoglooin content of the blood of 
919 persons of all ages still remains the most compre­
hensive v/ortc on heraoglooln which has been reported. He 
used a spectrophotometric method with solutions of re- 
crystallized human hemoglobin as standards, and found that 
the hemoglobin dropped from a high level of 23.25 grams 
at birth to 12.65 grams at the end of the first year. The 
hemoglobin again rose gradually until it reached the 
maximum adult figures at 20 years of age.
Further verification of the high averages of hemo­
globin found at birth, and the rapid fall during early
(25)
Infancy has come from the reports of Appleton in
(26) (27) (28)
1918, Lucus in 1921, Drucker in 1923, Mackay
(29) (30)
in 1931, Klvehjem in 1932, Kato and Kraery in
(31)
1932, and Merritt and Davidson in 1935. Appleton
using the Palmer carbon monoxide hemoglobin method which 
was checked by the Van Slyke volumetric method of oxygen 
capacity, found in the peripheral blood of 103 infants up 
to the age of 23 months, an average of 22.3 grams at birth, 
which dropped to 14.1 grams in the 2 to 8 week age period.
12,
and declined atill further to 11,7 grams In the period from
11 to 23 months. Lucas carried his studies only to the 
twelfth day of life, and did not ate to the value which was 
taken as 100 per cent hemoglobin. Red blood cell counts 
followed the hemoglobin decrease with a fall from 8,51 
million during the first day of life to 4.53 million on the 
twelfth day. Druoker found by use of the Autenreith- 
KSnlgaberger colorimeter that hemoglobin values of peri­
pheral blood averaged 17 grams in babies 2 to 3 weeks old, 
dropped to 10.9 grams in the second month, rose to 11.5 
grams in the 3 to 6 month age group, and then fell again 
slightly. Mackay*s 1931 report included 959 breast fed 
and 1158 bottle fed infants of the ages 14 days to 14 
months. In June 1933 she reported a correction of earlier 
figures because of an error which had been discovered in 
the hemoglobin standard, and added to the previous series 
62 newborn and 55 eight day old infants. She obtained an 
average of 20.0 grams in the peripheral blood of newborn 
infants which dropped off rapidly to 10.2 grams during 
the second month in the breast fed infant, showed a slight 
rise at the age of 5 to 6 months, and dropped slowly again 
to the two month figure by the tenth month. The bottle 
fed babies followed the same trend with somewhat lower 
values. Klvehjew nnd co-workers at Madison estimated the 
hemoglobin in the peripheral blood of 750 children rang­
13.
ing in age from birth to 5 years. They used the Newcomer 
method with ft glass disk recalibrated against standard 
acid hematin solutions, for a total of 2000 determin­
ations. The overage hemoglobin value at birth was 22 
grans, it fell rapidly to 11,7 grams at the age of 8 to
12 weeks. The hemoglobin remained between 11 and 12 grams 
until the Infants were about 2 years and 6 months old, 
and then increased slightly, Kato and Emery in Chicago 
used the Newcomer instrument to determine the hemoglobin 
content of the peripheral blood of 780 infants from 
birth to the second year of life. During the first two 
weeks the hemoglobin averages ranged between 17.7 and
18.7 grams, and then dropped sharply to reach a low level 
of 10.5 grams in the third and fourth months. There was 
a slight transient rise at the age of six month3, but a 
second fall occurred in the last half of the first year, 
and persisted throughout the second year with an average 
of 10,6 grams, Merritt and Davidson from New York re­
ported on the hemoglobin and red blood cells of the 
peripheral blood oi 73 normal full term infants, whom 
they followed from birth through the first year of life. 
They used Wong*a modified iron method for the determin­
ation of hemoglobin. The mean value at birth was 23.4 
grams of hemoglobin. There was a rapid fall during the 
first two months to lo,l grama, and the hemoglobin showed
14,
only slight deviation from this figure during the re­
minder of the year. The red blood cells paralleled the 
hemoglobin in a decrease from 5.95 million at birth to
4.74 million in the second month.
(52}
Mayer's figures for red olood cells in peri­
pheral blood are all higher then those reported by any 
other investigators. He obtained counts of 7.65 million 
on newborn infants, 5.79 million on babies 10 days old, 
5.a5 million at the age of one year, 5.75 million at the
age of 2 years, and 5.21 million between the ages of 5
(»3)
and 10 years. Lippman reported the average at birth
on peripheral blood was 5.2 million.
04)
Peters and Van Slyke, in their discussion of
hemoglobin relationships in the blood, state that data 
on cell volume and cell hemoglobin content of infant’s 
and children*s blood are extremely scanty, and that there 
is no certainty about the relationship oetween cell count 
and hemoglobin conttmt during early periods of life. On 
the basis of indirect calculations from relative values 
of plasm and cell volumes in studies by Darrow, Soule 
and Buckman, as well as from similar work of Bakwin and 
Rivkin, they state "It would appear, then, that the hemo­
globin per unit volume of cell3 during childhood is 
higher than in adult life,1'
The estimation of hemoglobin from the iron content
15.
of whole blood has been proposed as a substitute for the
oxygen oapacity method in the chsoking of heraoglobln-
ometers, and for any determination of hemoglobin which
requires greater accuracy than can be obtained by ordinary
clinical methods. Figures for blood Iron were renorted by
(35)
Murphy and his co-workers in 1931* They found the
average blood Iron from the venous blood of 18 men v/r s
44.04 milligrams per ICO c.c. and that of 21 women was
42.48 milligrams. They divided the average in milligrams
by the red blood cells in millions per cubic millimeter
to obtain the iron index, 8.4 for the men, and 8.6 for
(36)
the women. Reich and Tiedetnann In 1932, from Iron
and hemoglobin determinations on 45 ncn-anemic patients
concluded that there is no direct relationship between
the iron and hemoglobin content of whole blood, Sobel 
(37)
and Drekter in 1933 reaohed the same conclusion
from their studies of iron and hemoglobin In the venous
blood of 48 relatively normal children. They obtained
an average iron value of 43.9 milligrams. Hemoglobin
calculated from the iron determinations was 13.1 grams,
and by the Newcomer method averaged 14.4 grams. The Iron
index ranged between 11.3 and 7.4, with an average of 9.0.
(38)
Haden found very close agreement between oxygen
capacity and the iron content methods of hemoglobin esti­
mation. He states that for practical purposes all the
16.
iron present in blood is in the form of hemoglobin.
(39)
Sachs and his co-workers in 1933 found an average of
50.01 milligrams of iron in the venous blood of 100 men,
giving an iron index of 10.01; the average for 50 women
was 42.67 milligrams, giving an index of 9.59. Dowden
(40)
and MoNelll found an average of 44 milligrams of
iron in venous blood. Since the red cell counts were 
rather low, 4.0 to 4.5 million, the iron index approxi­
mated 10.0
SUBJECTS
The forty men and forty women included in this study 
were physicians, medical students, technicians and other 
hospital employees between the ages of 20 and 45 years. 
They were all in apparent good health at the time the 
blood samples were obtained, and had been continuous resi­
dents in this locality for at least two years.
Most of the 283 children were selected from those ad­
mitted to the Out-Patient’s clinic, and the pediatric ward 
of the Colorado General Hospital. They were sxiffering 
from minor ailments, surgical and orthopedic conditions, 
or were in a few instances convalescent from more serious 
illnesses. As many of the hospital cases were from rural 
and village homes, and the majority of the clinic group
17.
were residents of Denver, a rather wide range of living 
conditions is represented. The other children comprise 
an institutional group living at the State Horae for 
Dependent Children. Infants under one year of age were 
healthy bubies from the Florence Grittendon and Salvation 
Array nur a e rie s.
Specimens of blood from the umbilical cord were ob­
tained from normal full term deliveries in the obstetric 
service of the Colorado General Hospital. All of the 
mothers were in apparent good health during pregnancy and 
at the time of delivery.
rBOCgP»KK
Blood was withdrawn with minimum stasis from an arm 
or, in the younger infants, from the external jugular 
vein, usually between the hours of 9 and 11 in the morning. 
Blood from the Umbilical cord was collected by severing 
before pulsations had ceased. Coagulation was prevented 
by use of 2.0 milligrams of dry, Iron free, neutral 
potassium.oxalate for each cubic centimeter of blood. 
Heparin was employed as the anticoagulant for some of the 
samples of blood from the cord, and from the infants on 
whom a measured quantity of blood could not always be se­
cured. Samples were obtained from 14 men and 18 women at 
Intervals of one to two weeks for a total of six determin-
18.
ations, In order to discover the range of variation In 
individual subjects. The averages of these were taken 
and combined in the data with the figures from single 
samples on the remainder of the men and women. In obtain­
ing blood from the women no attention was paid to the
menstrual period, as recent investigations of Reich and
(41) (17)
Green, and of C. Smith and Prest have Indicated
that menstruation has no effect on red blood cell and
hemoglobin values.
METHODS
The hemoglobin content of blood may be determined 
in a variety of ways. The estimation of physiologically 
active hemoglobin from its oxygen carrying capacity is the 
standard research method. The determination of hemoglobin 
from the iron content of whole blood has been suggested 
as a substitute for the oxygen capacity method where 
research accuracy is desired. This estimation is based 
on the assumption that the ratio of the iron to the oxygen 
bound by hemoglobin is one to one, 55.9 milligram atoms 
of iron bind one milligram molecule of oxygen, or 22.4 c.c. 
of oxygen measured at zero degrees Centigrade and 760 
millimeters of mercury. It also assumes that the amounts 
of nonhemoglobin iron in blood are negligabie. There are 
no figures available for the oxygen capacity of purified
19.
human hemoglobin. The conversion of values obtained by 
iron and by oxygen capacity methods Into grams of hemo­
globin Is dependent on a factor determined on ox hemo­
globin. The le3s accurate, but more rapid and less 
technical clinical methods are often based on conversion 
of hemoglobin to acid hematin which is compared with 
colored glass or standard solutions checked by oxygen 
capacity methods. In our study the oxygon carrying ca­
pacity was determined on all samples. On subjects from 
whom sufficient blood could be secured hemoglobin was 
also determined from conversion into acid hematin, and 
from the Iron content.
I.
(42)
The Van Slyke-lieill constant volume manoraetric
apparatus was used to determine oxygen carrying capacity 
of the hemoglobin. One cubic centimeter samples of 
blood y/ere oxygenated at room temperature by rotation for 
5 minutes in an open separatory funnel. The oxygen was 
liberated in the chamber of the apparatus by the use of 
potassium ferricyanide and determined directly by ab­
sorption v/Ith sodium hydrosulphite reagent to which sodium 
anthraquinone sulphonate was added as a catalyaer. Two 
or more samples were n m  on each blood specimen and checks 
within 0.1 c.c. were usually obtained. From the oxygen 
capacity in cubic centimeters the hemoglobin was calcu-
20.
lated on the assumption that one gram of hemoglobin combines 
with 1.34 o.e. of oxygen. Although this factor is not 
based on the analysis of human blood, it is the figure 
usually employed in standardisation of clinical instru­
ments by the oxygen capacity method. The figures for hemo­
globin which we obtained by this method were used in the 
calculations of the hemoglobin content of the individual 
corpuscles.
II.
Whole blood iron was determined by a modification of
(43)
the original Wong method. One cubic centimeter of
whole blood was diluted 1:4 with distilled water, and 
one cubic centimeter of the diluted blood wa3 digested by 
concentrated sulphuric acid and potassium chlorate. After 
cooling it was diluted to about 10 c.c. with distilled 
water, and two drops of a saturated solution of potassium 
persulphate were added to prevent reduction of the iron 
to the ferrous state. The color obtained by the addition 
of 5 c.c. of throe normal potassium thlocyanate was 
immediately extracted by shaking with exactly 25 c.c. of 
a mixture of 5 parts by volume of amyl alcohol and 2 
parts of ethyl ether. The use of this extraction mix­
ture was taken from the method of Stokes and Cain as
(36)
quoted by Reich and Tledemann. The rapid fading due
21.
to hydrolysis of ferric sulphocyanate which occurs in 
aqueous solutions is eliminated by this step. The oxida- 
tlon of sulphocyanic acid to isopersulphocynnlc acid 
forming a yellow color which is said to interfere with 
proper matching was not noticed by us, and therefore we 
did not make use of the double salt of mercuric sulpho­
cyanate. Otherwise, the method is essentially that U3ed
(36) (37)
by Reich and Tiedemann, and 3obel and Prekter.
An iron standard prepared from analytical iron wire to 
contain 0.05 graic of iron per c.c. was subjected to 
exactly the same treatment as the blood sample, the color 
developed.in both simultaneously, and the two solutions 
then compared in the colorimeter. Prom the iron content 
in milligrams, the oxygen capacity of the blood was cal­
culated using the one to one ratio mentioned above.
III.
(44)
Osgood and Haskins acid hematin method was used
as the clinical procedure. One cubic centimeter of whole 
blood was measured into a 100 c.c, volumetric flask, and 
diluted to about 46 c.c. with distilled water. The 
addition of 50 c.c. of fifth normal hydrochloric acid con­
verted the hemoglobin to acid hematin, and the sample was 
brought to exact volxime with distilled water. The solution 
was ?/ell mixed and a portion was heated to 56 degrees 
Centigrade in a v/ater bath for 7 to 10 minutes, cooled, and
22.
compared in a colorimeter with a standard ferric sulphate-
a
chromium sulphate solution. The temperature of the 
standard was taken immediately after the reading, and the 
hemoglobin in grama was obtained irom a special table 
provided with the standard. This table takes into account 
the temperature of the standard solittion as well as the 
colorimeter reading.
RED CShh 0GUPT3
At least two dilutions were prepared from each blood 
sample, and one or more counts of 80 small squares were 
made from each pipette until satisfactory checks wore ob­
tained. Hayem’s diluting fluid, a Bureau of Standards 
certified Levy-Hausser counting chamber, and. certified 
Thoraa pipettes were used for all counts.
CELL V0LUMK3
(45)
For the first 14 men of the series the Van Allen 
hematocrit tubes were used. While this method is of some 
value in determining cell volumes on small amounts of 
blood, it is subject to the possible error produced by 
mixing a small amount of blood with a variable amount of
« Kindly furnished us by Dr. K.E. Osgood.
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sodium citrate solution which may not always be Isotonic.
(46)
It was, therefore, replaced by the Wintrobe method
which uses tubes requiring 0.7 c.c. of blood, but which 
largely eliminates the error due to variable amounts of 
anticoagulant. Samples were subjected to centrifugation 
in an International centrifuge No. 3. B. v<?ith an 8 cup 
head at 3,000 ft.P.M. for 30 minutes, a reading was taken 
and whirling wa3 continued for 5 minute periods until 
there was no further change in volume. In order to learn 
the amount of shrinkage due to the potassium oxalate, the 
blood from thirty members of the series was divided 
between potassium oxalate tubes and heparin tubes, and 
hematocrit determinations were run simultaneously on the 
two portions. The average shrinkage due to potassium 
oxalate was found to be 6,4 per cent. This correction 
was made on all the oxalated blood specimens. On ten of 
the thirty blood samples hirudin was also used as an anti­
coagulant. Six of the ten samples treated with hirudin 
gave readings Identical with the heparinized tubes, and 
the maximum difference In any of the other four was 0.4 
per cent. The close agreement found between heparinized 
and hirudinized blood Is an indication of the accuracy of 
the method, and of the reliability of the heparin.
Certified glassware was used In the determination of 
hemoglobin by the Iron and acid hematin methods. The
24.
chamber of the Van Slyke-Beill apparatus, and the hemato­
crit tube3 were carefully recalibrated. Colorimetric work 
was done in a dark room using the same Bausch and Loiab 
Duboscq colorimeter for all readings, and a Bausch and Lomb 
colorimeter illuminator as the constant source of light.
RK3ULTS
The figures obtained from the determinations on the 
series have been arranged in tabular form, according to 
age groups. The mean values for each age are included in 
a general table to compare total values and corpuscular 
constants.
In table I is listed the information on blood 
collected from the umbilical cord at tho time of delivery. 
The group of 15 blood specimens was treated with heparin 
to prevent clotting and represents, therefore, a more 
accurate measure of cell volume than the specimens which 
were collected in a potassium oxalate tube. Since the 
volume of the samples was not always the same, correction 
for the shrinkage due to potassium oxalate was only 
approximate and thi3 probably accounts for the difference 
in corpuscular volume between the two groups. A range of 
hemoglobin values from 15.7 to 20.0 grams, cell volume 
from 44.0 to 63.6 and red blood cells from 4.54 to 5.72 
million is greater than in any of the groups of children
25.
find adults.
Table 2 gives the figures for the infants between the 
ages of two find sixteen weeks. Since successive determin­
ations were not done on the sane infant, no definite state­
ment can be made as to the rapidity with which the values 
decrease after birth. P.O. 197 showed a month or so after 
birth practically the same corpuscular constants as were 
found in cord blood, while others of the same age had much 
lower corpuscxxlar hemoglobin and volume.
Table 3 gives the figures for the babies between the 
ages of 4 months and two years. Because of the small 
number included it is impossible to place an interpre­
tation upon the values obtained.
The averages which are taken from tables 4 to 14 
inclusive indicate a gradual increase In total hemoglobin, 
red blood cells and cell volume beginning at about 8 years 
of age, so that the figures for the 12 year old child are 
almost the same as those for the group of women.
Table 10 which summarizes the meen figures for all 
ages which were included in the study shows that the blood 
from the umbilical cord gives the highest amount of total 
hemoglobin and volume of packed cells. The number of red 
blood cells i3 not correspondingly increased so that the 
mean corpuscular hemoglobin and mean corpuscular volume 
are higher than at any other time in life. The hemoglobin 
concentration of the cord blood is slightly lower than in
any of the groups over two years of ago. During the first 
two years of life the corpuscular constants are slightly 
lower than the adult standards, but older children appear 
to have a hemoglobin - red cell ratio almost identical 
with that found in the blood of adults. The figures for 
mean corpuscular hemoglobin and mean corpuscular volume 
are, for most of the groups of children either between the 
means for the men and women, or slightly lower than the 
mean values of the group of men. The mean corpuscular 
hemoglobin concentration of the children is either about 
midway between that in the blood of the men and women, or 
slightly lower than the mean in the rod blood cells of the 
women.
A survey of the individual cases coming from the 
clinic and hospital falls to show a correlation between 
diagnosis and blood values. However, since none of the 
children show abnormally hi#i or low figures for individual 
corpuscles, it may be concluded that no child suffering 
from a definite anemia Is included in the study.
The group of institutional children from b to 6 years 
of age Is the only one which is large enough for compari­
son with the clinic and hospital series. Mean values from 
the two groups are almost identical.
Study of the data from the standpoint of methods 
reveals the fact that while the general averages of hemo­
globin determined by the three methods agree in all groups
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within 0.5 grams, there are some single differences of more 
than one gram. 31nce at least two samples were run on each 
blood by the Van Slyke method, the possibility of large 
error by this method was practically eliminated. The mis­
takes which may arise in the iron procedure are usually 
of three types. Digestion may not be carried to completion, 
resulting in a slight yellow tinge in the extraction fluid 
and difficulty in matching colors. Sometimes there is a 
little cloudiness of the extraction mixture which, recog­
nized, can be removed by a second shaking, but if allowed 
to remain will change the colorimeter reading considerably. 
If all readings are definitely too high some of the iron 
of the standard has probably oeen reduced to the ferrous 
state and a new standard must be prepared. The Osgood- 
Haskins method is more consistent in its deviations, which 
are usually due to an Impurity of the standard, giving 
readings which are lower than would be expected. Filtra­
tion of the standard solution will correct the error.
Sudden changes of temperature may also occasionally give 
inaccurate results.
From six determinations on the same blood sample the 
probable error of the iron method was found to be 0.1426 
gram . It is generally stated that deviations of less 
than _'our times the probable error may be the result of 
pure chance. Therefore only differences of 0.56 grams 
between the hemoglobin as measured by t}ie iron content
28.
and by oxygen capacity can be regarded as significant.
The counting of red blood cells is said to be accu­
rate within 2 per cent, while the hemoglobin by the oxygen 
capacity method permits an accuracy of 0.5 per cent, and 
the hematocrit readings nre controlled to within 0.5 per 
cent. This difference in the relative accuracy of the 
three determinations perhaps accounts for the wider range 
of results for mean corpuscular hemoglobin and volume, 
both of which involve the numbers of the red blood cells, 
than for mean corpuscular hemoglobin concentration which 
is based on hemoglobin value and cell volume.
Table 17 contains the figures on the blood of the 
adults showing the maximum and minimum fluctuations in six 
different blood samples obtained over a period of six 
weeks to three months. The maximum devintlon of hemoglobin 
from the individual mean in men wa3 9.4 per cent, in 
women, 13.8 per cent. The minimum deviation in men was 
2.3 per cent and in women, 2.7 per cent. The average 
deviation in the blood of the men was 5.8 per cent, and in 
the blood of women it was 7.0 per cent. The corpuscular 
constants show about the same range of fluctuation in all 
the individuals on whom a series of samples was secured. 
This would seem to indicate a certain parallelism between 
changes in red blood cell counts, hemoglobin and cell 
volume values.
29.
DISCUSSION
30
Comparison of averages for members of these series 
with normal values from other parts of the country can be 
made only on the blood of adult3, since studies of other 
ages have not been reported* (See table on the following 
pa ge - 30a ).
The men of this region have higher hemoglobin values 
than those reported by Osgood, Haden, and Foster and 
Johnson, but lower than those in Wintrobe’s series. Red 
blood cell counts are higher than those reported by Foster 
and Johnson, and Haden. The volume of the packed cells of 
men of o\ir series is higher than the figures given for any 
other part of the country. The women of our group have 
higher hemoglobin values than any of the other groups 
reported, but have fewer red blood cells than those of 
Osgood’s and Wintrobe's aeries. Our hematocrit readings 
are higher than any previously reported. Mean corpuscu­
lar hemoglobin and corpuscular volume are higher in our 
series for both men and women, than in any except Haden's 
series. His findings for the corpuscular constants are 
almost Identical with ours, if we group the men and women 
together as he has done. Since Denver has a climate 
similar to Kansas City, but an altitude approximately 
4,500 feet higher, it would appear that although the 
difference in barometric pressure between the two cities 
seems to produce a higher red blood cell count, heno-
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globin and cell volume value in this region, the corpuscu­
lar constants are not altered.
We have found differences in mean corpuscular hemo­
globin and mean corpuscular volume between the raen and 
women of this series even greater than those observed by 
03good. Ked blood cells of the women ai*e 4 .2  cubic microns 
larger than those of the men, and contain 0 .7  mlcromicro- 
grams more hemoglobin. Osgood reported that the red blood 
cells of the women of his series were 2 .6  cubic microns 
larger than those of the men but contained 0 .4  micromicro­
grams less hemoglobin. The concentration of hemoglobin in 
the cells of both men. and women in this region is almost 
identical with that which has been reported from other 
parts of the country.
Rabinovitch found as much as 60 per cent fluctuation 
in hemoglobin in a single day, which is more than we ob­
tained by collecting samples of blood over a three months 
period. However, most of our determinations were done in 
the morning, and would not catch possible fluctuations 
produced by a diurnal rhythm, which some workers claim 
they havo detected.
Most of the figures of other workers for hemoglobin 
determinations and red blood cell counts of peripheral 
blood at birth are higher than those we obtained on cord 
blood. This may be due to the additional blood which the 
baby usually receives from the placenta before the cord
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is cut, and way also be explained by the fnct that peri­
pheral blood sometimes shows higher values than venous 
blood due to capillary 3tasis. The mean corpuscular 
volumes of our cord blood series are about the same as 
those found by Mitchell. He reported an average of 109 
cubic microns, while we found 107.0  In the group of 15 
infants and 111.1  in the larger group of 25 infants. We 
concur with the observations of Haden and N eff, and 
Uftrner on the per cent concentration of the hemoglobin in 
blood of the newborn. It Is only slightly lower than the 
amount in the red blood cells of adults.
Although the number of babies included in the group 
under one year of age is small, the hemoglobin and red 
blood cells show the same general trend and about the same 
total values aa other workers have reported on much larger 
groups. The decrease in volume of the cells during the 
time from birth to about six weeks parallels the decrease 
in diameter observed by Van Creveld.
Figures for whole blood iron in our study are higher 
than those which have been previously reported. This is 
naturally coincident with the higher total hemoglobin 
values of this section of the country. Our iron index
3hows little deviation from an average of 10 .0  and agrees 
with that of Sachs and co-workers, and Dowden and McNeil. 
The choice of the Newcomer method by Sobel and Drekter 
for comparison with their iron method probably accounts
32.
for their failure to find any relationship between iron 
nnd hemoglobin in the blood of children. In the groups 
Included in our study there were only a few differences 
which were outside the limits of error of the iron method.
Ine remarkably constant value for mean corpuscular 
hemoglobin concentration in all the age groups studied is , 
perhaps, the most significant finding of our study. There 
is no difference between the blood of children nnd adults 
such as was mentioned by Peters and Van Slyke.
SUMMARY
Samples of venous blood were secured from 80 appar­
ently normal adults and 283 Infants and children ranging 
in age from birth to 12 years. All of the subjects were 
residents of Colorado living at an altitude of about 
5000 feet. The hemoglobin of the blood was determined by 
the Van Slyke-Neill method of nanometric analysis of the 
oxygen carrying capacity. The red blood cell counts were 
made with research accuracy using certified pipettes and 
counting chamber. The cell volumes were obtained by 
centrifugation Of the oxalated or heparinized blood to a 
constant volume in Van Allen or Wlntrobe hematocrit 
tubes. From the values determined by these methods the 
corpuscular constants were derived.
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1 . Comparison of the figures obtained for adults of 
our series with other data previously reported indicates 
that the altitude of this region does not appreciably 
alter the corpuscular constants. Similar data for infants 
and children are not available for comparison with our 
series.
2 . There are some definite differences in corpuscu­
lar constants between the different groups in our series.
a . Highest levels of hemoglobin and cell 
volume values are found in blood from the umbilical 
cord. Hed blood cell counts are not correspondingly 
increased. This gives a mean corpuscular hemoglobin 
and corpuscular volume higher than is normally 
found at any other time during extrauterine l ife .
b. During the first two years of life  the 
volume and hemoglobin content of the red blood cells 
appear to be slightly less than in adult blood.
c. Fluctuations in the corpuscular constants of 
children over two years of age are within the normal
limits for adults.
d. The mean corpuscular hemoglobin and corpuscu­
lar volume for the women of our series are greater 
than those for the men of our series,
e . The mean corpuscular hemoglobin concentration 
is apparently maintained in all groups at a very 
constant level. Our figures agree closely with those 
previously reported.
34.
TAliLKii
Column I -
Column XI
Column I I I
Column IV -
Column V -
Column VI -
Hemoglobin In grams per 100 c .c . of 
blood from oxygen combining power
Hemoglobin in grams per 100 c .c . of 
blood from iron content of whole blood
tVhole blood iron in mg. per 100 c .c . 
of blood
Iron Index (mg. iron per 100 c .c .)  
(K .B .C . In millions )
Hemoglobin in grams per 100 c .c . of 
blood (Osgood-Haskins method)
Volume of packed corpuscles in c .c . per 
100 c .c . of blood
Column V II —  Red blood cells per cu. ram. in millions
Column V III  —  Mean corpuscular hemoglobin in micro-
micrograms
Column IX Mean corpuscular volume in cubic microns
Column X —  *ean corpuscular hemoglobin concentration
In per cent
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